The reactions of NbCl 5 with limited amounts (1-2 molar equivalents) of a series of primary, secondary and tertiary amines were investigated in dichloromethane as solvent. 
activation [8] . The coordination chemistry of NbCl 5 (and other niobium and tantalum pentahalides) with both oxygen [3a] and soft donors [9] has been intensively investigated in the recent times, showing in certain cases unusual activation pathways for the organic ligand [10] .
Respect to this preamble, the direct interaction of NbCl 5 with amines, in the absence of further reactants, has been limitedly explored up to now. The formation of simple coordination adducts was hypothesized for the combinations of NbCl 5 with 2,2'-bipyridyl [11] and different ratios of NPh 3 , respectively [12] . It was reported that the addition of pyridine to NbCl 5 promoted Nb(V) to Nb(IV) reduction, being 4-pyridyl-pyridinium the major oxidation product of the reaction [13] .
Nevertheless, the presence of opportune substituents on the pyridine ring may inhibit the redox process and thus determine different outcomes [14] .
To the best of our knowledge, the chemistry of NbCl 5 with tertiary aliphatic amines and with limited amounts (1-3 molar equivalents) of primary and secondary aliphatic amines has never been described hitherto [15] . The addition to NbCl 5 of an excess of mono alkylamines, NH 2 R (R = CMe 3 , CHMe 2 , Et), was reported to proceed with exhaustive aminolysis, to give dinuclear [NbCl 2 (NR)(NHR)(NH 2 R)] 2 and mononuclear NbCl 2 (NR)(NHR)(NH 2 R) 2 complexes containing amido, imido and amino ligands [16] .
It should be noted that a series of high valent transition metal chlorides (e.g. TiCl 4 [17] , MoCl 5 [18] , WCl 6 [19] ) have been supposed to activate C α −H bonds belonging to trialkylamines in mild conditions. Although the mechanism is not clear, the TiCl 4 /NEt 3 system efficiently works as a catalyst for a variety of organic transformations [20] . Recently, we have elucidated the straightforward 1:1 reaction of WCl 6 with tribenzylamine (NBz 3 ) [21] ; this is initiated by amine to metal monoelectron transfer and affords a 1:1 mixture of the relevant iminium and ammonium ions. Herein, we present the results of our investigation on the 1:1 molar reactions of NbCl 5 with a selection of aliphatic amines (i.e., NH 2 n Pr, NHEt 2 , NH i Pr 2 , NEt 3 , NBz 3 ). The reactions were carried out at room temperature in dichloromethane, i.e. a commonly considered poorly coordinating solvent [22] , under strictly anhydrous conditions. The isolated metal products were characterized by analytical and spectroscopic techniques, and by X-ray diffractometry in a number of cases. 
Results and Discussion

2a
Homoleptic Nb-amido complexes have been usually prepared by metathesis between NbCl 5 and lithium amides [23] , although this procedure may be complicated by metal reduction and C−H activation processes [23, 24] . To the best of our knowledge, 1 represents the first example of simple chlorido-amido Nb(V) species ever reported.
A crystallization procedure allowed to obtain X-ray quality crystals of both 1 and 2a, which were mechanically separated. The ORTEP molecular structures of 1 and 2a are shown in Figures 1 and   2 , respectively, while relevant bonding parameters are listed in Tables 1-2. Compound 1 is a dinuclear one, which occupies an inversion centre in the crystal structure. It is composed by two distorted octahedral Nb(V) units sharing one edge. This originates a "Nb 2 Cl 8 N 2 " framework which was previously found only in the phosphine-imino derivative [NbCl 4 (NPPh 3 )] 2 [25] . The NEt 2 amido groups occupy equatorial positions in a relative pseudo-trans orientation.
The Nb (1) Insert Figure 1 Insert Table 1 The Figure 2 and Table 2 . Hydrogen bonds are present within the crystal involving the N-H groups of the cations and the chlorines of the anions.
Insert Figure 2
Insert Table 2 In accordance with a NMR experiment, the synthesis of 1/2a is a selective reaction (see NbCl 5 /amine, being HCl produced with aminolysis (see above).
Insert Scheme 1
We moved our attention to trialkylamines. 
Insert Scheme 2
The molecular structure of 3 is shown in Figure 3 , with relevant bonding parameters reported in All bonding parameters are comparable to those previously reported in the literature. 21, 27 The double N(1)−C(15) interaction [1.289 (7)) Å] is considerably shorter than N(1)−C(1) [1.494 (7) Å]
and N(1)−C(8) [1.488(7) Å], which are single bonds [29] . Both N (1) 
Insert Figure 3
Insert Table 3 Crystals of 3 showed the typical IR absorption at 1635 cm −1 , due to the iminium moiety [21] . [21] or Br 2 [29] , respectively. The reaction of WCl 6 with NBz 3 was proposed to take place via a multi-step pathway directed by the oxidative power of the metal chloride [W(VI) to W(V) conversion], see Scheme 3.
Insert Scheme 3
The In agreement with such hypothesis and with the detection of a considerable amount of [NbCl 6 ] -(see above), formation of Nb(IV) tetrachloride should be expected to some extent [10a] . In order to investigate this point, the solid residue obtained from the reaction mixture NbCl 5 /NBz 3 by removal of the volatile materials underwent magnetic analysis (see Experimental for details).
Interestingly, the analysis revealed some paramagnetism, in accordance with the possible formation of Nb(IV) species. These could not be better identified. analytical and spectroscopic methods, and by X-ray diffractometry (Scheme 4).
Insert Scheme 4
The structure of 4 ( Figure 4 , 
Insert Figure 4
Insert Table 4 The structure of 5 ( Figure 4 , 
Insert Figure 5
Insert Table 5 The main spectroscopic features of 4 resemble those of the related ammonium salts 2a-c. The magnetic susceptivity observed for 5 was consistent with previous findings on Nb (IV) tetrachloride derivatives [31] . The 93 Nb NMR spectrum of 4 showed a large resonance around −500 ppm, attributed to the NbCl 6 2− anion.
Probably, the NEt 3 /NbCl 5 system behaves as a source for self-protonation, according to a redox mechanism [17] analogous to that discussed for NbCl 5 /NBz 3 (Scheme 3). The isolation of the Nb(IV) containing salt 5 strongly supports this hypothesis. In addition, magnetic analysis on the solid residue obtained from a 1:1 reaction mixture showed paramagnetism.
We tried to identify the organic counterpart of the possible C α −H activation process leading to 
Experimental
General procedures
Warning: all of the metal products reported in this paper are highly moisture-sensitive, thus rigorously anhydrous conditions were required for the reaction and crystallization procedures. The reaction vessels were oven dried at 140°C prior to use, evacuated (10 -2 mmHg) and then filled with argon. NbCl 5 was purchased from Strem (99+% purity), sublimed before use and stored in sealed tubes under argon atmosphere. Once isolated, the metal products were conserved in sealed glass tubes under argon. Amines were commercial products (Sigma-Aldrich) which were distilled over BaO and then stored under argon atmosphere. Solvents (Sigma-Aldrich) were distilled from appropriate drying agents. Infrared spectra were recorded at 298 K on a FT IR-Perkin Elmer Spectrometer, equipped with a UATR sampling accessory. Magnetic susceptibilities (reported per Nb atom) were measured at 298 K on solid samples with a Magway MSB Mk1 magnetic susceptibility balance (Sherwood Scientific Ltd.). Diamagnetic corrections were introduced according to König [32] . NMR spectra were recorded at 293 K on a Bruker Avance DRX400 instrument equipped with a BBFO broadband probe. Cl 6 NNb: C, 12.65; H, 3.18; N, 3.69; Cl, 56.01. Found: C, 12.55; H, 3.07; N, 3.77; Cl, 55.87 Cl 6 NNb: C, 17.67; H, 3.95; N, 3.43; Cl, 52.16. Found: C, 17.78; H, 3.84; N, 3.52; Cl, 52.03 . IR (solid state): ν = 3132m (ν N−H ), 3007w, 2988w, 2942w, 1599w, 1469s, 1455s, 1448s-sh, 1395m, 1354w, 1285w, 1171w, 1155w, 1056w, 1029m, 1009m, 832s, 807vs, 790s, 733s Nb: C, 28.26; H, 6.32; N, 5.49; Cl, 41.71. Found: C, 28.12; H, 6.27; N, 5.53; Cl, 41.48. IR (solid state): ν = 3088s, 2981m, 1468vs, 1456s, 1415m, 1390s, 1360w, 1287w, 1157m, 1062w, 1012s, 939s, 839vs, 804vs, 729m Table   6 . The diffraction experiments were carried out on a Bruker APEX II diffractometer equipped with a CCD detector and using Mo-Kα radiation (λ = 0.71073 Å). Data were corrected for Lorentz polarization and absorption effects (empirical absorption correction SADABS). 34 Structures were solved by direct methods and refined by full-matrix least-squares based on all data using F 2 . 35 All non-hydrogen atoms were refined with anisotropic displacement parameters. H-atoms were placed in calculated positions and treated isotropically using the 1.2 fold U iso value of the parent atom except methyl protons, which were assigned the 1.5 fold U iso value of the parent C-atom. Insert Table 6 xxxxxxxxxxxxxxxx.
References Scheme 1. Formation of [NbCl6]
− ammonium salts from NbCl5/amines. Scheme 2. C−H bond activation in the reaction of NbCl5 with tribenzylamine.
Scheme 3. Activation of tribenzylamine by multistep oxidation.
Scheme 4. The reactions of NbCl5 with triethylamine.
Scheme 5. Possible activation of triethylamine (C−H bond activation and H intermolecular migration) during the reaction with NbCl5. Figure 1 . Molecular structure of [NbCl4(NEt2)]2, 1, with key atoms labelled. Thermal ellipsoids are at the 50% probability level. Symmetry operations used to generate equivalent atoms: -x, -y+1, -z+2. (2) 100 (2) 100 (2) 100 (2) 100 (2) λ, Å
